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MiKT'/-*- K« 1 tTSII 2 t 

LfcH&USSi*^ Ufcv>T, TSIi 2 <Ojc 
3 nmJilTt1-^o X, T*tt« 2 T 
a, Z r, T i , H f , W, Mo, Y, V, Nb, A 
ii, Ag, P d #11- Xli-g-^Ht-f 

X, £, T a, Z r, H f , W, Ti, 

Mo, Y, V, Nb XHt-fr&RT 

b&mmks au, A g , cu,.pt, Pd*-g-tr# 




SB i ji%ms 

3EJ1 



(2) 

1 

t «rET*ffi k «rffi±*ffi k h u *atei» * »* u , 
k 1- * «aiast«i**?-o 

j-d-si, @5eJ1, ^•'jri> 7'J-J§> ±tii< $E 
y^rxl, _t v - ;u K» * mmm L fi8*tKfii«i* 

mrE±m«Jf fcgfseffi ktiituif r ffirlET*ffi k 

# ft k 1" £ BSUgfltSd**^ 
[IS** 3] afctSLtKTS'-.a'KJI, T^®J1, 
■f 7XS, 7'j-i, @5eS> ei5E£-£&/f^ *lJt* 

aiFEHJE®, lfflEH5££-£*B* xc^E^i -tsmi 
tSrBf^St-J^LT^Suafejitrkkt^, H9E 

7^i*psnt5 - k u i o-ciftET^EkiiirE 

[ §11**4] SIii:Tv-*F8. Ttl®, 7U 
SJA-f 7 7>Jf, AiJ7|, @5eJf, @5e$-£& 
®, ±*ffijf, Ji->-^ KE*JK#;«/S Ltzm%.t&titf& 30 

lfflEB£ff. iWKBJSS*aJi, RtftfrEJS 1 -h«ffi* 
k Srfllf5E*i^JFML'C^JiUffl*2i ! trk k <b IE 

is^m Tzmz&in-t z> w ktziormrfeTmgkflfrlE 

frlSTv-^ Klro^IfiSt 3 nmAy.Tk-f£ :t* 
k 1- a flMWSStai**^ 
[IS** 5] iSlCTy-^Ki, US 
@gS, ^J7l, 7'J-l, ±^£l/f, ± 
v— ;u KJIfcJDUttBtJI L^®^ffi*Jt35iJ*^T**o-C, 40 

«riE7'j-jit, k k k, mrcKift 

4 7X*©iH»**lW1E7U -ICit^; kK «fc otf 
ETM k WI5±*a k <0 H ic Kiiitl£S§ * L , 
mlfBTv-^ KJgOgcffifflJtfc 3 nmWTk-f S £ k £ 

[lit** 6] SSlUTv-Jl'KI^ T^Si, @5e 

*> - * k m % m&rnm l tz m sugt/ts** jst--^ * o r , 
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2 

t\z£ ■oXmiTW.m k ilirE±*ffi k to PA ClStSB * 
fflET v-;i/ KJgO^MffiS* 3 n mWTk'f £ it!: 
[ffl**7] ilS±i:Ty-^KS, TtSS, ®5e 

j-til, i^f, ;<';7Jg, 7 , J-®^ #ffirW$uf, 

mffE7'J-®> ilfrE*ffilN»Jl* XtmEK^'f7^1 
fcl&itJf Uffi*y&tf k t •^fESi^'f TX^<oSST> 
t5 ? h9IE 7 U * - k K i o T«TET*ffi k fffS 

±mn k co ^ tcm^ss * p« l , 

frlETv-^ KS^SffifflS* 3 nmttTttS-t*: 

*3 nmW.Tki--5»-k^#fik1-^B^^}g} : /C^*^ 

[»**9] UIETm«l®l±, Ta, Zr, Ti, H 
W, Mo, Y, V, Nb, Au, Ag, PdO^co 
'}?tz < k t— 3**tr*#Bt, Xli^R-C* 
*Ck*W»k-T*BI**l 75M8«^»rK*»— o»=E 

[M** 1 0 ] tfrfBTWffiJi l±, Ta, Zr, H f , 
W, Ti, Mo, Y, V, N b <D*?<0'}?t£ < k t-o^r 

Au, Ag, Cu, Pt, P dco<F<73d'-& < k t-ot 

^^JfM-C-* * C k t«r« k -T a 1 TiS 8 W</>-f 

[ES^JI 1 1 ] S*Jg 1 TbM 1 0 <ov^r*T-*»— olzfE 

«$ttfc«««tfi:Sb**-T-k, lWriEBajastai**^^ 
gffc*ttm-r4*ek*«Aa£k*!if»ki- 

tIE«S-*afc»«3»$tE»->^^A k, ffif*g(l IE 
«<7)BKffifet^ti3v7.r A fc, UffiB^Eiv^f AS 
O'lfrEB^Sfit^tU WfAtt IK $ titzKHU Y 7 y 
J"^^t6?-**T^f- J-^-y* k*fi£^i fcS:#gik 
tiiBJlEt '^rA, 

[0 0 0 1 ] 



(3) 

3 

[ 0 0 0 2 ] 

ue*, »*»st (mr) -tv^xii^-? 

R-fcV-9-li, flt^Rtj^tcio-ClBftSixaiiS^Jt 

|fi|OMoajKO&!£o 2 «KJtW LTStft-f ***tS0[ 10 
%m% (AMR) ^Ugo-^-ClifF'f £o AMRM 
f)i 131$ L^nmiis fctx.!*, D. A. KAyy> 

(Thompson) coin Memory, Stor 
age, and Related Applicat 

ions" IEEE Trans<> on Mag. 
MAG-IK p. 1 0 3 9 ( 1 9 7 5) ICtBT^ 

ClOgl^'^ TXgn*P#Wt LT, FeMn, NiM 
<$b Z> o 

[0 0 0 3 ] S<bU«ifi-eii, «JlB*-t>*^aJ<tS£ 
ttttflCA * ft* H**«««8t»** f K* £ ftT 

* 0 coa*itstttt*tt, rg*«»aa (gmr) ^ 

■c^io -oiHiB«aa:t>*ii, amr»***ij 
ffit**>tt»W8ft4i0^ ®^ ? e£#£ft> S 

[ 0 0 0 4 ] #P^2 - 6 1 5 7 2-»&*Uli, ffilS-Jf 

TOfttftftLt, ±BWa»K:«ia«tto«»fcRS 

2>'J?*< fc t> 2*o3ftBtt»^-**cH5eS*&l»*ft 

**Cfc3MJIS3ftTV**o 40 
[0 0 0 5 ] »BB 5 F4 - 3 5 8 3 1 0*&*fctt* #« 

e&«&co«ii5SJi t:<to Tft« & ft^a»i±#o 2 sco 

SffcU *>tf + «:«*W8l[02f|fi]fc littfi-C** J: 3 
ftMR* v***BB^SftTv^ 0 
[0 0 0 6 ] 2 7 0 1 7 4 8 J 

>fjy y°V > ^1 G M R * S^jg»#^? Cffl 



«RJ 2 0 0 0 - 2 1 5 4 1 5 
Wr£^K^^f£&£ft*^*o 

[0 0 0 7] #Hf 4 - 1 0 3 0 1 4*f-fi*Uti, S£B 

a*»?-fc£^T* fc fc— JS^&J8t£JiKK3£?8 

\±Wfrh<Os<4 7^fiS#A f en*PSftTv^i fc fc^Sfc 

[ 0 0 0 8 ] *H#tf 5, 3 9 0, 0 6 1 Kli, 

hLtliCu^Al *Jflv*fc«**1E«* ft"Cv*«o 
[0 0 0 9 ] 

&o 2IHB^ *^fc* MNC^B 

ttS <7>J!^ u tr <b **-e KLJv\ <; - ? *a i: r 

T«a±uat«tt h >*^»-fr»**»j*sft* ^ ^ -/co 
a*tasc»**^»-*jv^T*i, TfflfcxyrJi 5 znm 

w±i:»aSti4Btti*ai«? v**fcfc 9, ><y7 

TOhltfi/: fc'TJfi-C* ft & v> v> ? t> ttT-ii 
<. M^±Ti:< *ttttfc*5**ttK«ft, li**ftU 

[0 0 101*11^^5, 3 9 0, 0 6 1 i:^^tLT 
t^J:9i:, TSSttfl-fc LtliCu^Al fcfflWcffll 
tc^Tli, A 1 li«ffi<50±Ttw < *Sfco?&*14Kl± 

kv^^4«*ofco A l±Uhv*^«Sta 

JfCSR (TMRg:Tunne 1 i ng Magneto 
-Resistance R) 4:3^* , ^* l J 

7m<Oy 7*^***S < -fco^^UMRit^ST LTv^ 
CulifefifigW^ <*^±^MS*fc 
5^Ktth ^^^a-frSBO^'J 7ii(i I FiBt:ft«:-c^, 
£fcMRtttt»5>ft*4*><&, C u®co±TO® fcco^ 

[ooii] atttth^ + ^a-fr^? K«©TM#tt 
tta^sft-cv^v^o 

[0012] -tc-c, *«w«±, *®^ ?I Fa-e*^, ± 

T^ffi«1-*Ri:oa»tt*;«ft*T«a**L, ^co 
fc*U/<y 7@A ?I Pfi*C*4 i fc A^MR Jt**S5 < ^ SHI 



5 

[0 0 13] 

SfcTS&Sfc *«MU H^lWCT««*±U, 

*att«**^^J3V^r, T««B2tf)SMffiJK«:3 n. 
mKTFfc LTv^o 

[0 0 15] X, -t*>T*«Bfc, Ta, Z r, T U 
H f , W, Mo, Y, V, Nb, Au, Ag, Pd^t 
trifle, £«JBL Xli^AIiLT^io 

[0 0 16] X. T««/B*, Ta, Zr, Hf, W, 
T i , M o x Y, V, N b #J1§I> XJ4-& 

M*C*4*lSi> Au, Ag> Cu, Pt, Pd£ 

fc it & <fc v* 0 

[0017] 

[«nofitto^n] kit. iffitiiit, *§§?s?> 

[0018] Ml lill^oilil 2 tlf?AmfiLt<n 
ft** o 99 ^S*t:*4 0 ftf*ii^r^^»«±i:8^ 

fcfcJ: G#a&fc 0 BI4Uctf{E3fcottffi#**T-*** A I 
JtfCu^tSLtftie A l «0*£"l4ft**J4 4 
3GPa tM-C*^^ ISS^iiO. 45nm^ 
— C u (4ftffl*tJg(4 0 . 2 4nmtiffti 
ft $1*14 1 9 G P a fc/h3v\, £tUC*tU A 1 

[0019] ft#***«itrv^if«mt**5Bi y)K<^ 

*?>-e, j&*o«ftliW*»tto*^uofti**o ft* 
[ 0 0 2 0 ] T««#»*WOTfflttli*o±tc3B*S 

[ 0 0 2 1 ] 2 0 715^7.7^^ 

ib, *^kd^*8Hi**aEfllA*fi:TL, MRifcli/hS 
< 
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[0022] aaffii/tsft*^? Ktuiiv^om 

[ 0 0 2 3 ] [tSiil] S3 Uv-^ KH-fc>*»*£ 
$^7 U > ?~ffl (ABS : A i r Bearing S 
u r f a c e) fc¥fT fc«J o fcWOHfffi <0$k±M 
-To ^~ KfV X to^T 14, SMt^? 

jo [0 0 2 4 ] B3.i:StMi Ktov*Tl4, »«±i:T 
v-;vK, TSI8 2 , T&S, @5££-££/13, @te 

/§4, A'J7i5> 7 y-«*<JK^CfIJB^tL* 0 

IcglCf L/:J: 9 [z/i ? - *Lfc«'<-f 7 *M 6 to 

toiO*±v-^ KJI 9 7&*Ot® £*i£o TJtfcJB/H5E$-£ 
4B3/@gi4/A'J 71 5/7 y -JBtf)»#**SHB 

[ 0 0 2 5 ] clc-cn 7y-StCtow>T(4, XfcfW^V 

yo««:s*t, n«a*^flj eras ^«ib*m* f * 

[0026] * n'v^i'T'Kto^Tii, 7 y -1 fc 
fco«^#m^>ft*»- * DBA*** ao-C, 7 

* o 

[0 0 2 7 ] X, @5e£-££J1 fcl4, H36«<0«-ffc*|Pl 

30 [0 0 2 8 ] ?t, COfltit 1 Ktov>T, J KUEI*0± 
«a*feT«tt^«a*»Lfci:-f * fc, «SlLl4_t«ffi 

A'J715, SiS4. @;E£-£&Jf 3, Tifeif&ilii 
L, T*ffiJB2^i:»tL&o »^7^i6li 

^■1-*ifciiiv^ 0 X, 7*S 6 (47 y -Jl±fc 

SSfM S*iTv»£*>-e, 4 7* li 7 y -li: 

+^pan$ft£-fcUfc£o Lfc^oT, C<0«>t£ffl 

7^«r$lJf»^4 0 

[0 0 2 9 ] -C-CI4, Tv-^K±i:TSItSS 

TWSJB2 fcOHfcttTiMK 7 y -Jl fc±*tt» 8 fc 
OH KIlJiflWB *K»t*£ fc t RTlft"C*4o 
50 [ 0 0 3 0 ] [«i&2 ] EI 4 Cv-^Kit >f»4:A 
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i£tr(4, *S±i:T'>-^K, T1SS 2 , Bte£-£S 

13, BS/f 4, /<yrJB5, 7 y s*l 

I4/^''J 7/i 5/7 y -g^sr^**3Sisstt h 
s^«»*»Lfcki-a k, «atii±*ffi*^7 y - 

7 y -B±uE®«lSStLt:i/^or-. f^i^Mrx 
(4 7 *)-MK+ftWtos*-&zb\z&& 0 Lfc**o-c, 

tB»»:, 7 y-/Buepin 
[ 0 0 3 1 ] Tv-^KlUTlfitM 
Tv-^KtTlS^r^ Xl4Jt«Sk-Lv- 

SRI 2 4:OH^l4T»JB, 7»J-JlkJt*SJB8 kOM 

[0 0 3 2 ] [fl*i6 3] B5U->-^KH:>*84rA 

Jft-Cli, **Lt KT v- ^ KiJ J: C/TSffiS 2 £ 
*t£o *<oJttC7y -Si3«tOV<y 7S 5ri ? «S£*i 

*o ><y 7Ji 5_hco^^oss/<^7xs6cora<oas^ 

<bi4|!0 4 9 K^-WfcSti&o /*^->ftS*LfcH 
561 4/B;££-£S/f 3/±«S^££Ktt**Ji 7** 
SSS^tiSo $h\z%<D±.\z±.'MM&£.XJ s ±.*s-)\' vm 
9**»JiS*i*o Tifc/i/@7E£-£*]i3/B5£Ji 4 
/M'J 7® 5/7 y -JfO»#**3fi«14h 

14, fiCitoll-g^ibTtS^ 

3, BSH 4, /<'J7|5, 7y-Jf fcili&U Til 
JS2^kS£*i*o i'OIR, «->*>f 7XJf6li*Sfc«>SIE*i 
£k 14 ft v\> K^7Xl6li7'J- 
l±fcas«JiSiiTv*4*>-c, -to«^<-f 7^(47 y 

■b >x«aE*fM«ii-* kmi#K> 7 y -nu£Ptti£*vs 

SfcflW U ±SS±C±v-^ K*«* LfcWitKo 
v^a</:^\ Ty-^KkTSfiiOW, XI4±«S 
k±v-;u KioiUtT*^ ? 7Mb LtfSil 7 £@E 
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2 k7y-JgkOWH-(4T:ftbJa*> R1BJB1* ■ k ±*S 
J8 8 k o HI Ki4±ffl5«S: Sitae kt-Cli. 
[ 0 0 3 3 ] [«iS4] H6U^-^Kffl-b>*«|J«:A 
B SlUffiWo/:B$<7)M^Mi**to ecofif 

fc8^-f7^i 6^ffiJi£;KSo 7 y -^±co^eco8i 
^7^1 6 wmo»»i:, ><y 7^ 5/@7E/f 4/B 

\<z;<*- >itZti&o Ti&m/mmZ^ZM 3/B5e/§ 
4 //<y 7 if 5/7 y -JB^ffl5** ? 5fiSi14 b 
ffi-C** 0 iO«it"CI4, ■[R^SItf <o±*s^e>T*s 

@3> A1J715, 7 , j-IBtiaL, T'E 

SiB 2^t8EtL* 0 d<^>F&. 8£'<<f 7*J1 6 l41E8ft<£8tt 
tL*UlH^-r*-tl4«v^ 0 I, 8^7X|6li7'J 
-S±^iESISS$ftTv^co-C, -to»/<>T 7*147 

[ 0 0 3 4 ] CCtli, Tv-^K±t:Ttg^SiL 
flt it K o v,* T tz i)^ Tv-;u KiTtliOBf: 
7 7 P ® k LTftHUB 7 £@S§1-£ C k *> mfrCb 
So X, Ty-^KkTSg«rfffli:t^)-kK*i 
So Till 2 k7y-JBk<aMK<4TtfiS*K*t*e 

[ 0 0 3 5 ] [fllifiS] |7Cy-^ KfflUr>*»*A 

Jft-Ctt, l«lt:Tv-^K, Tlg> R5£«1±/l* B 
5e® 4 £5 4 t//<y 7® 5 $tLS 0 to±i:B 

<0 4 9 *c^^^->1tSixfc7 y -S*«Si-S 0 . 7V- 

^7 y »ltz^1-S4 7 UBBBSixr^^o S^U-t^) 
JiSP U <4 ±mMg 8 i3 4 CK± > - ;u KS 9 A*«Ji $ *i 
So Tii/®£$^^1 3 4 / a' V 71 5 / 

7>)-M<D^ftmm&h>*fr&^-?$>z>o zom 
4/o -rsk, **«iji*s*&7y-«, ^U785, 

14, B5eS**JB 3 SrflS^cJiiflL^ T^S12^kiffi 
^iSo z\<om, &>UTAM6l*&HRM7t*i:W)T 
M 5 tC4 »)B5E«4KlT^Jik**Wmfi»S*iTV^ 

7*»6li7y-HK»LTV**0-e, f^7^ 

147 y-iK+*a«inSft* :tci:So i^ot, 

8t*L4-t>^*»tWfII1-« k|W]S#U, 7 y — JB icep pT 
50 [ 0 0 3 6 ] id-Cli, Tv-^K±i:T'SfiS:8S 
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;u K i: coH i:T^> *y 71 £ LTffiSt® 7 £§ZMt-& c 

[ 0 0 3 7 ] X, ^C-CttSfiBtth >*^**«SOH 
< t 4 7 y -i^V^ - >jtS*vrw»tL«drj: < , -t iO 

[0 0 3 8 ] [«iS6] B8i:'>-^KS-b>*»*:A 

4 *3 J: OV< iJ/15 £ ix* o -tOifcB 

■oateuua^tta^'f 7xi6 7&*-e-osHsi5A*7 y - 

/B5eS**Ji 3/H5g» 4/^<y 7/15/7 y-Jfo 

aii±Ktf**«>7 y ^ M J7i5, HS«4, @te 

3 *JK*»iaU Tlffii2^taii4o 
PS, mtmWH 7xg 6 Mtif&JMF 7 ftO-C, K8KOSIE 
*t*k:«*i-&c:!:«iftvv 0 i/^7xi6li7'J 

[ 0 0 3 9 ] Ti/-^K±*:TIffi*as 
^ Ki^MKT^* ? 7"® LTlfertJI 7 £C 

h y -JB >itL 

WkSfL-C^Htf J: < > **jaTO»#li 

- >fti- * fr{±m±m$ti- z> - 1 a* -e » * o 

[ 0 0 4 0 ] [«S7] H9i:->-^Kfi*>t»tA 

3, Hsu 4 *5*oo<y 7® 5 jww3fc«JB3*L*o -to 
iicio j: o k/** - >itztitz7*) -jb/jhbmsp* 
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y -JB*caiJpSix*o "7 y -Jf o£e^J±i»|»Ji 7^ ? SS 
ISfttir^e § &fc*o±«KU:_t«ffiJB 8 fcJOMi 
->-;l/KJ19**«lSix*o Tifel/@5E£-££@ 3/ 
Ei^H 4 //<y 78 5/7'J «te Y > * 

^7X16, IfffiWJfftB, 7'J-S, ^J7S5, B5£ 
Jf 4, @7g$-£*/I 3 £J1IS#cai&U TWffiS 2 ^iSE 
ft&o £*>BK tt-ft*«^^7Xl6li«»Jl7 4rO 

Xi6{i7 'J-lCglt^S^-C, -t<0«y<-f 7Xli 

sn&fB'W 7*tfMWi-*o 

[ 0 0 4 1 ] d£tM±, Tv-;u K±twT«ffi4r«« 

;u KfcoiHKT'F-v '^Ih Itlfeil 7 £B£^1-£- 
y-^K4fffii:fS:Ht!So T1IS 2t7'J 

-itoim:i4T*it, Kfemfeia t ±m.mm s t<n 

miUi±Ji»ll*Wt*ci: fe-e's*o «^*-f 7*»ttK 
[ 0 0 4 2 ] H3^^H9 0 7oo«it*cJtjS-t-*ft* 

mKm^'mffl.itm*, aio4^ai6i:*Uo - 

[ 0 0 4 3 ] B10 {C^i"«^t 1 ©B«a«»**?o 
$**H/H5EJB/^y 7B/*»JB iftorv^, 

H3e«/^<y 7S/7 y -s/ffl^w T*m/%&mm/ 
s/7 y -s/±ms®/±^-^ ks t fco-cv^ 0 

[0 0 4 4 ] ill U*1"flljt 2 0«*«Jft»**^ ^ 
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2-fr*B/B5EB/ '^i;ri/ £ JSB /±«* 1 k ft o 
twio X, C2Si$ii, Tv-^Kl/TSI/I^S 

*aB/B£B/'*y 7B/&4S8£fc^-t>**o x, 

X> E 2 SPti. Tv-^KI/TWS^H^l/ 
H^S/^V 7S/7V -g/S^^T^l/±v-^ 
Kifcftot^-So X> F2»«i, Tv-^Kl/Tt 
«/B5e***B/B5eB/'<y 71/7 y-B/±* 
i^/S^M7^1/±y-JUKli:'iotv^ 0 X> JO 

G2 3W*> Tv-^K1/T1I/K^^1/B?e 
B/'<y 7B/«fSB/±*ffiB//-t*>-'i' KBfcfc 

[0045] @i2 3 oa^sta**^ 

oTV>& 0 X> B3S&!i, Tv-^KI/TIS/7'J 

Tv-^ ks/tii/i^m 7*b/7 y -B/'<y 

X> D3»lt T'>"^KS/Tifi/7U-1/^U 20 

Tm/m < &m/m < &z^z>m/±.nmm/±. : y-fr kb 

fcfcoTv*a 0 X> E3SB(i, Tv-^Kl/TSi/ 
7 'J -B/'<y 7B/&*SB/±.«ffiB/±v-Ji' KJi 
UoO^o X, F3»tiU Tv-^Ki/TSI/ 
7 y -1/^y r»/tt»J»/Jt«ffiJB/±v-^ KB 

[0046] n 1 3 tc^-rffijs 4 oBJwastiai**^^ 

oTv** 0 X, B4 3li, Tv-^Kg/Tli/7'J 
-S/^ , J7S/i»88!:iotv^oX> C4fWi, 50 

jy-ji/ Kg/isffi/7 u -m/wt^-i t *m/%m 

l/lv-^Kl^^tv^o X> D43$ii> Tv- 
;v Ki/TSS/7 U -B/'<y 71/Bte1/@5e£ 
-*SJB/±*SJB/±->-^ KBiftoTv^o X, E 
4 «B 11, Tv-^ Ki/TM/7 'J -B/X'J 71/ 
«*l/itii/J:y'-^K)|!:4oTv^fl X> F 
4 »t±, Tv-ib Kl/Tfg/7 y -B/'<y 71/ 
jfSi^B/±1ESS/±v-^KStioTV/^ 0 X, G 

4»«±, Tv-^ Ki/T«s/7 y -s/^y rs/ 

a»i/±taSt4orv^o X, H 4 SfS(i. Ty- 40 
;i/ KB/Tttffi/v y -B/**B/-t* - * KB t ft 

[0047] b 1 4 c^-rms 5 oaicaaa**^^ 

TBHUiiv^r, A5»li, T KB/T*-ffii ft 

otv^Jo X, B5«I4, Tv-^Ki/TlS/@S 
$*4B/B36B/'*y 7B/«USB tiotv^o 
I, C5»U\ Tv-^KIi/TSS/ESSt^l/ 
B5E*/'<y 7g/«IS/^W 77l/±Sii/ 
±v-;U KB k ftoTV^ 0 X, DSfflNi^ Tv-^K 
■ /Tra/B5&****/B®l/'<y 71/7 y - 50 
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B/±«ffiB/±*>-^KBfcfcoTv*&o X, E5B5 
(i, Tv-;u KB/TS1i/B£3-£*B/B5EB/'< 
y 7Ji/«S«/±*-ffi«/±*>-^ KB t ft otv» 
& 0 X, F5Sli, TS'-^KB/TWB/BSSS** 

■/B£»/'<y 71/7 y - i/«/i^M7^ 

m/±MMM/±. s s-fr KB t ft otv^o 

[0 0 4 8 ] El 1 5 tc*i-*3S 6 com^SJ/C^i^S^^ 
THB»:i5^t, A6ffi(i* Tv-^ KJl/TW«fc ft 
otv^ 0 X> B6 2tf!i> T*>-^ KJ1/TWS/B5E 
S*aB/B5gB/'<y 

Xx C6^(i, Tv-JV KB/T*ffi/B5eS**B/ 
B5SB/^y TB/#ej»B/»it**^W>^»/-t* 
ii/±y-^KHiiotv^o X> D6SIUi> Tv 
KB/T*ffi/B5fe3**B/B5feB/'<y 71/ 
7 u -B/±SIi/±v-^ KB t 4 otv^o X> 
E6^li, Ty-^Ki/Tta/iaS*4i/Bfi 
1/y^J 7l/ffilfl/±HHl/-Lv-^ Kiifto 
tv^ 0 X, F6£i$l3\ Ty-^ KB/T*ffi/B5eS 
**B/B5EB/^<y 71/7 y -*/BKfctt«'<'f r 
x B *&RB / Ji*«B /±y-^KBtftot^4 0 

[0049] (a 1 6 k^-tahs 7 o«*a»ca**^-^ 

spSEUcisv^-C, A7 8PI1, Ty-^KB/TtSfci 
otv^ 0 X> B7ffili> Tv'-^KI/TtS/BSE 
£-£&B/B5EB/'<y 7B/tt»Bt4:oT^4o 
Xx C7£fSli, Tv-^ KB/T*«/Bse***B/ 
BSB/^y 7i/«fti/±ttti/±y-^ Kit 
ftoTv^o Xs D 73512, Ty-^KB/TSI/S 
£3*&Ji/BffiB/'<y 71/7 y 
/IA-f 7/;S/±lffil/±y-^ KB k ftoTv^ 

-2) o 

[0 0 5 0] g3^ei9 K^LfcfflS&l ^e>« 

[0 0 5 1 ] HI 1 7 liH3 iZTjiLfzmikO^-y KWf^sK 
#-flSO^jT?*a 0 *S±KT'>-*K, Til, Siifi&tfe 

(mtj) im'Afm-rzo ^«±i^f 

7 Lfcf£U, TWISJ^tttH-f 7»*7t*»t 

[0052] H 1 8 liH 4 (C^L^If itO^ KOfMS 

h (MTJ) *W*®*1-*o ^©±t:^f 

>y;i-PRWU A'J 7® 5 if?'J >^L*& 
K, *ft»*7 SrfiKIRU V7h*7t4. PRfcffM 

L, S^M7^S6W@7«r«L/;{^:'J7 h * 7 
[0 0 5 3 ] HI Qfiiastc^t^liii^ 1 ^^ KcOftfiS: 
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fcjfcRLfcftU'J 7 Ft7fJo II:, MT J , ±mS 

a „ 7 *j«ru >;7Ft7Lfcfi:, rm 
avatar a 4 7 as *jt*»tu ±->-;vk* 

KtJ. 

[0054] HI 2 0 liU!6 \Ztf Ltzm&V* 'J K<OfF)£ 
h (MTJ) , ±*ffi«r«*3B*1-*o JO 

*® 6 &JS;Rl.rt:?£, 'J7ht7t4o II:, 

£j&rl, *s>ir (cmp) 

i:i i) »*S 7 fcittffid'Stti T 
ttffijj*Bai-s ST**® 7 U ±v-;u K 

[0 0 5 5] 0 2 Hill 7 U^LTtflljtO^v KOftJS 
^]HgcoMT-*io J6«±CTS'-*K, Tit, ' 

(MTJ) *WfrM&LlrZ>o -S-OJit-^f- 20 
> P R SrffM L, ') 71 5 S 1?5 'J > VLtzik 
K, l£SS® 7±3iO f fffi/f'f r*® 6 irHMIL, 'J 7 
Ii:, PR^ML, ffiSt® 7 «J > 

[ 0 0 5 5] 18 L£*3l<?fW#Hil±E 2 1 t-^ 
Ltz® 7 WtSiS^^-^t l°l 

[ 0 0 5 7] 12 2 liHl 9 (C^L^#it<0^-y K«9f£j$; 
#mi<Op!)-c** 0 SSiCTv-^K, Ttffi, SJll&tt 

(MTJ) , JtSWffliS, 1^7^8 6 50 
*mfrM&.-t*>o tro±i:^f^->^PR*ML, 
•J7l5iT5'J>/Ltai:, «17«L, U7 
h*7 + * 0 T«*4*»Uii-**"CilS»® 7 gP=£r^*>tt 

[ 0 0 5 8 ] 7*4*1llRt4**cMKOv> 

[ 0 0 5 9 ] £0*#j£-r*S*fc LTJl&TOlsmji* 

[0 0 6 0] 7^7*-, S iC, 7)Mt, 

T*f?^/7*?t, SiC/7*?tWa-C* 40 

[0 0 6 1 ] [T->-^ K® 1 ] N i F e , CoZr, 
XliCoFeB, CoZrMo, CoZrNb, CoZ 
r , CoZrTa, CoHf, CoTa, CoTaH 
f , CoNbHf, CoZrNb, CoHf Pd, Co 
T a Z r N b , CoZrMoNi FeAl S i, 

S-ffcftSWfl-, MnZn7iHK N i Z n 7 i 7 'f 

[ 0 0 6 2 ] [TKffi] T a , Z r , T i , Hf, W, 50 
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Mo , Y, V, Nb, Au, Ag, Pd4"<-^it 

#®R, Xl±, -g-^IK^^^S^JV-y, X 
li, T a, Zri Hf, W, Ti, Mo, Y, V, N b 
S-^-^fcl-*^, #11, B.tf*±mfrt>t>:&y*' 
-■ft, Au, Ag, Cu, Pt, P dSr^-^ti"* 

#®R, 
R, WJIT**. 
[0 0 6 3 ] [#EW«I®] A 1 BMfc», S i BHbtt, 

Au, Ag, Cu, Mo, W, Y, Ti, Z 
r, Hf, V, Nb, Tai'^afl:, #®R, ^ 

[0 0 6 4 ] [±^S®8] Au, Ag, Cu, Mo, 
W, Y, Ti, Zr, Hf, V, Nb, Tai'^^f 
ft, #®R, XlifI-g-»^* f »^'Ci^o 

[0 0 6 5 ] [±v-;UK®9] NiFe, CoZr, 
Xti CoFeB, CoZrMo, CoZrNb, CoZ 
r, CoZrTa, CoHf, CoTa, CoTaH 
f, CoNbHf, CoZrNb, CoHf Pd, Co 
TaZrNb, CoZrMoNi F e A 1 S i , 

g<fcfUfc*m, MnZn7i70, N i Z n 7 i 5 -i 

h,MgZn7i7'fh #® R, & J: t/ 

[0066] mmm i ] a i shc&, s i bhcw. m 

-jK>*»<944**, #®R, fcif/iS-g-^A^ifi-c 
3b ^ o 

[ 0 0 6 7 ] [T+'-V -v 7*® ] A 1 Rjfcttl, S i 1Mb 

4 #®r, tezifm.&vo^** 
[0068] [±+*-v 7 7*®] a i mm, s i rn.it 

#®R, gicraft-tt** 

[ 0 0 6 9 ] [±JBB] Au, Ag, Cu, Mo, W, 
Y, Ti, Zr, Hf, V, Nb, Tai^iJI*, 

#®r, *± jwa-e**. 

[ 0 0 7 0 ] [SaM7X16] CoCrPt, CoC 
r, CoPt, CoCrTa, FeMn, NiMn, N 

i H*fc»* N i C o BHfc«J, F e mtQB> NiFe @2Hb 
ty>, I r M n , PtMn, PtPdMn, ReMn, C 
o7i?n, Ba7i9^f #®R, 

[ 0 0 7 1 ] *&WiMf$ Ltz3-?M^y VtLXli 
112 3-1212 6<OJ:9 JfcBfH^tReO t nifS v^S £ fcri* 
r-§* 0 3tmttftS« (PJxJf, NiZn7x70, 
MnZn7x?^h, MgZn7x7-fh) (Cl±iSA { )B 

z<7>mizii.$m&m®#- aim 
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SHS2, iBfitMtip 0 2 7l4BfffiH* f H2 Z<0 
[ 0 0 7 2 ] 

A, J|«tt#**/#*tt««#/T««« 2 

B , aBttfl*«/#Btt*»#/T«8fli 2 /BEM 

C, 3IBtt#*«/#8tt*«# 

D, &B14#£« 

E , SHBttff«*/#«tt*»«7/*»3-^li 

F, »»it1**«/*«tttt»#/*l8tttt*»7/5fe 

*S3-?S 

G , aBttftSK/^BttttlM 7 /Till 2 /»« 

H , »Btttt*1K/#Bl£feflkfI 7 /Till 2 /5S» 

I , aBtt#*«/#Btt*ft*« 7 3 - * JB 

J, 8Btt#*tE/*Btti/»«53 - ^1 

£53-*B 

> * 3 - * s 

7^16/±1S1 8 
N, »Btt*»«/*Btt«»ff/RJ»ll*Jl/±«* 

e 8 

[0 0 7 3 ] #Jl*fll«i-*W»4:LrttJeiTO#«-** 

NiZn7x7-f K MnZn^-x^-fK MgZn7 
h 

2, £B1±tt4Mt 

AiBttMK SiBrtbtt, BfbS/»J 

3, SPfflffl^W7Xg6 

CoCrPt> CoCr, C o P t , CoCrTa^ F 
eMn, NiMn, N i BMbW, N i C oRlbtt* I r 
Mn, PtPdMn, ReMn 

N i F e , CoZr, 5LI4 C o F e B , CoZrMo^ 
CoZrNb, C o Z r , CoZrTa> CoHf, C 
o T a , CoTaHf, CoNbHf> CoZrNb, 
C o H f P d , CoTaZrNb, CoZrMoNi^ 
£, FeAISi, Bfbttfcttfls UnZ jlv ^ 
K NiZn7x7^f K MgZn7x7^ h 

Au, Cu> Mo, W, T i 
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6, mmmmm 

«[A>f7^l6 0EiOLi^t LTI4EI2 8-3 0 <0 

[ 0 0 7 4 ] 112 8 ttBBtth >*>H»-fr*^»«»- 
JR1-4 J: 0 7^16 «rISSLTv^ 0 H 2 9 14 

(4&B1& h >*>H5-6** : 5FOS||»»c-»««r * 4 9 K« 
A>f7^B6*filLTv^o HI 3 0 {i£ffii::S&£ 4 
JO ? £ffi&v<>fT*JB 6 «rtt«Lfc«-C*& 0 

[ 0 0 7 5 ] SJifeltth fc LTI4UJlTO»l£- 

• S^/TifcJi/? -/■/» 1 MRx>m>X1/A 
U 7® 5 /B5eJB 4 /@5e 3 

• £1£/TiftJi/7 V 785/*2MRx> 

£0 'J7l 5/»2 MR J.:"^*JI/B5eJB 4 /B5e£-£ 

• gt£/TiiilJf /B^£-£&/i 3 /B;£Ji 4 //<"J 7® 
5/7>J -Ii/«BJI 

• mm/TMm/®fc2~&2>M 3 4 /» 1 mr 

• *«/T»/i/H^§^:*S 3 /B5eS 4 7/1 

• *«/T»S/HSS**» 3 /B5gJi 4/ilMR 
jc_>vn>x 7/1 5 / IS 2 

a, H f , Zr, W, Cr, T i , M o , Pt, Ni, 
Ir, C u, Ag, Co, Z n, R u, R h, Re, A 
u, Os, Pd, Nb, VJsJ:tf£:h,fcO#ftO»fbW 

R*ffl^* 0 ^iDTC^i: It, T a, H f > Z r , W, 
Cr, Ti> Mo, Pt, Ni, Ir, Cu, Ag, C 
o, Zn, Ru, Rh, Re, Au, Os, Pd, N 

& o 

[ 0 0 7 6 ] 7 1) -JB 4: LTli> NiFe, CoFe, 
NiFeCo, FeCo, CoFeB, CoZrMo, 
CoZrNb, CoZr, CoZrTa, CoHf, C 
oTa, CoTaHf, CoNbHf, CoZrNb, 
CoHf Pd, CoTaZrNb.-CoZrMoNi* 
ftXli7*^7 7^Btttt»*ffl^4^ t A ? t^^o 

[ 0 0 7 7 ] /<V7«5tLtli, BMbtt, Sibtt, 55 

50 2<btt2BIR, (B^bWtBibttt^a^*) 2 
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JfR, *ffiv** 0 Ti, V, Cr, Co, Cu, Zn, 
Y, Zr, Nb, Mo, T c, R u, R h, P d, A 

H f , Ta, W, Re> 0 s , I r, P t > A u , 
Si, AU T i , T a, P t, N i , Co, Re, V 
oBEft»ft£tfBffc»^*#, #«R, X«ii 
fttbhT i , V, Cr, Co, Cu, Zn, Y, Zr, 
Nb, Mo, Tc, Ru, Rh, Pd, A g, Hf, T 
a, W, Re, Os, Ir, Pt, Au, Si, Al, 
Ti, Ta, Pt, Ni, Co, Re, V ORfbttiJ i 

[0 0 7 8 ] Sli3J:O f i2MRi>^>'Xit Ltli 
Co, NiFeCo, FeCo^, XliC o F e B, C 
oZrMo, CoZrNb, CoZr, CoZrTa, 
CoHf, CoTa, CoTaHf, CoNbHf, C 
oZrNb, CoHf Pd, CoTaZrNb, CoZ 
rMo N i ^4Xli7*^77^Ittttfl.fcffl^*o M 
Rx>;>>^| *JHv»4:^»frtt, fflv^^^Jt^T 

Igftttft»t*o 

[0 0 7 9 ] H5g«4tLTIi, Co, Ni, Fe^ 
fflv^ 0 Co, Ni, Fe^-^UtS^-^^ 

xmmmt, t i , v, c r , c 

0, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta,W, Re, Os, I 
r, Pt, Au, Si, Al, Ti, Ta, Pt, N 

1, Co, Re, Vt^-^fct4^- , /i 1 &44* 

[0 0 8 0 ] Co/Ru/Co, CoFe/Ru/Co 
Fe, CoFeNi/Ru/CoFeNi, Co/Cr 
/Co, CoFe/Cr/CoFe, CoFeNi/C 
r/CoFeN i Ut^rafcftttTAfco 

[0 0 8 1 ] miE.2*tZ>l§ 3 i LTIi* FeMn, Ni 
Mn, I r M n , RhMn, PtPdMn, ReMn, 
PtMn, PtCrMn, CrMn, CrAl, TbC 
o , N i KttttK F e Btf btt* N i hCo Sfbtt 

N i WtitVotF eBMbflJOft**, Nittffc 
»/CoBMMfc2*R, Ni»ft»/Fe*ft»2l 

CoCr, CoCrPt, CoCrTa, PtCo 
ftirt^iit^iSo P tMnXiiP tMnCT 
i. V, Cr, Co, Cu, Zn, Y, Zr, Nb,M 
o, Tc, Ru, Rh, Pd, Ag, Hf, Ta,W, 
Re, Os, Ir, Pt, Au, Si, Al, Ti, T 

[ 0 0 8 2 ] ftflM £ LTli, IfcfbttK Sfblfc, Ktttt 
BE, */B^*o Ti, V, Cr, Co, Cu, Zn, 
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Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 
g> Hf, Ta,W, Re, Os, Ir, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

ottffctt** Jtfaffcfto#{fr, ^HR, Xii: 

tUb^Ti, V, Cr, Co, Cu, Zn, Y, Zr, 
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, T 
a,W, Re, Os, Ir, Pt,Au, Si, Al, 
Ti, Ta, Pt, Ni, Co, Re, V^BffcttiiJ: 

[0 0 8 3 ] 3fcU, *««*>IEIWM^7 KRVESff 

[0 0 8 4 ] B31 tt**W*afflLfcIE»«±^? K 
oHttfcBI"e**o KM\ 2±\z&*k^v K4 

5 fc , IBS 4 3, n^Hl, ±i8S 4 4 ri* 4 * 

T»ttttRfc*#aULTt, 80fctt*tT 

[0 0 8 5] H3 2 l±*5ft?8^«iiatn;ffl**^F*ffl^ 

5 2_hU, K5 1 *3 J: CKIBI*^ ? 

K5 0t»*U £*l*E««#5 3 ±»Cffi«if*Lr 
S£*fT3o IE»»#5 3l«|sU KX7^- 
(iEiiJ«1£5 3 <0_LSr> 0. 2 ^ m^T<o;iS£, 
30 tt»«*ffl-C»t/tLT«#a»+*o J: »K 

K5 1 liK»«#5 3 tEftSUfciUftt* 

[0 0 8 6 ] 

[XtfcM] JMBKJfcftofcAK, *i TV* 

£ A 1 jsJitfC u ^TISI 2 Uffl^T* H 4 co«i£<7> 
^7 KtflsjftLfco b >*A'«*Btfc LTii, / 

Ta (3 nm) /P t 4 6Mn 5 4 ( 2 5 nm)/ 
Co90FelO (5) /Ru (0. 9) /Co90F 
40 e 1 0 ( 5 ) /A 1 R<fbtt (2 nm) /Co 9 OFe 1 
0(2nm) /N i 8 2 F e 1 8 (8 nm) /T a 

(3nm) tm^tio h>*^**H^3t>A lRffctt 

*K St* 5 0 s c c m, 1 m T o r r <D A r if 7. 

»H&4^j5i*TjaRLfc 0 0. 1 At L 

fc 0 *E«± 2X10 - 10 T orrtWo Al R<b»S 
tiA 1 miX/iy ?tz± *) 2 nmARftCO. ImmT 
o r rOlMMMMMC*^ 0»WftS«:ti:J: 
»)JB*$*fco 2 5 0*C, SR»MofftJ&a 

56? t«IKI*OBffi:tta[S!l-**rtIU 5 0 0 O e 
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[0 0 8 7] 2mmcor;i/f 7^±i;r;^ 

■J-fc.l 0 a/ mflWI LfctO 

Tv-^ Kit 1 1 mCOC o65Ni 12Fe2 

3 (jfiAtt a t %, KlTffl t) 

±v-;V KJi 9 1 * mOC o89Zr4Ta4C 

r 3 

mmm 7 o nmorj^t 

SRJ'W 7*J8 6 — C r (lOnm) /Co74. 5Cr 
10. 5 P t 1 5 (36nm) 

T^-v v y'M-W-Z 7 0 n m<^r ;u 5 i- 

±^-V 713— Bf S 7 0 nmOT 

hiRFv^* ho>x^y ^t*^tl-J: 
«IL/: 0 -OBI, 5E*ii 5 0 s c c m, A r 
lilmTorr, Jfc*^7-li0. 1 A. 1PEI4 3 X 1 
0- 7 To r r t Lfco TX ■ 6 l±, DC^* h 

a >X/n* v * U J: , yflS 5 0 s c c m> if^EL 1 mT 
o r r <7)X e ^^^Bat^fc^tffilL^o JjfclKKSL 
fiO. lAH/: o fffti2X10- 8 Torr^^ o 

[ 0 0 8 8 ] £0^? K*EI3 lOJ:^ fclBi&W^.— ft 
ffl^y K^inXiJi^Xv-f /iOll> CoCrTal 

y ? Wi3 //m, * Sa^ty :/l± 0. 2//m, 

'Ol/^J&Bf^?* h VvX hflHfcI«l±2 5 CC, 2 

J**T»^ 2 0 Or, 5 0 0 Oel^, 1 EfHcO* 

■UHSJlft^ofco «*^>«B*tt3. OkOe.Mr 
TliO. 3 5memu/cm 2 H/:o MIU/^^' 
£fflV^T, n*k&tl, S/N, lfyfx!>-l/-ht«| 
fiLfco Kff*TE*i:, KflF*T«fc«*»Kl 0 0 
r> a* 9 0%, 1 0 0 0 «FHa%K»»iOM*oSBI 
3&S**H3 3 *5 J: C^BI 3 4 Ktj^o 

[0089] Cu (40nm) tT!SI2i:ffiv^# 
£(iS£ffl*(i3. lmVt^K, 

t a, $>£v^ s/ni* 2 8dB 

fc 0 X. tf 7 ^7-^ H>««K»«r«i 1 x 1 o- 6 
tz<Dtz<n\zttL, HKKttttU 1 x 1 o- 3 £3g< £0 
fco ^ ft (i B ^ ^ -t' > y ^ X*** ot^ 
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tfrjBfcflftfltUlJ: OWWLfc* T«S»tKir 
7 y«-c* 4 r ;v * t oH-ciR^ftll**** tTis 

JO ft^o 

[ 0 0 9 0 ] A 1 (4 0 nm) fcfflv* 

S£tB^, S/N, tf7 hX7-V-Hi^fjxta« 
K»t«rffc-CSHb Li^ i coo, *ottliS|l*KKiltO C 
u (4 0nm) <D$r& t Jfc« LT S V>d t 7> ? ;b 

3&^ 0 A 1 E®J13c®<^7 7*X**v<y 7/1 5 077^ 

[ 0 0 9 1 ] #5£W<0*ifcWi: LT, *58W^T 

*Jl*JHv*T|8 4*>*ift0^y KSrf^fltLfco -<^I£5S 
IBtth LTtt. /Ta (3nm)/Pt 

20 46Mn54 (2 5nm)/ Co90Fel0 

(5) /Ru (0. 9) /Co90FelO (5) /A 
\ BHbtt (2 nm) /C o90FelO (2 nm) / 
Ni 82Fe 1 8 (8 nm) /Ta (3 nm) 
fco h >*Jl/«*i0 9 *>A L »itWiJttttOJiliv*-r 
ft & > DC-7^^hn>x^7^t:J;^ St 5 0 s c 
cm, ^ElmTo r r^)A r ^SlfttCt^t 
jSHLfco *K«*W0. lAtLfco 1TEI12X10 
~ 10 T o r rt?*4o A 1 KlfcttJIttA 1 S*X/>*7 ^ 
i:J:|)2nm)tR»i:0. 1 mmT o r r 0«8f »B 

[0092] iMtcii 2 5 0 t:, s^HoKtaat 

flEBlWF^a*i:ttiIS"*"**W*- 5 0 0 O e <Dm^iW 

[0 0 9 3 ] afi«-**'2 mm<7)7;i/f 7 *±KT>l/3 

Tv-^ KS 1 —ff S l^mOCo65Nil2Fe2 
3 (ffl^(ia t %> ClTWIi:) 

Kl 9 — J?$ l//m^Co89Zr4Ta4C 

40 r 3 

«*S7"'SS 7 0 nmOTi^t 

gt'HTAM 6—Cr'(10nm)/Co74. 5Cr 

10. 5 P t 1 5 (3 6 nm) 

JMHlWSP»-ft L 

T^r^^ ~7Wf"W ^ 7 0 nm(7)7;^t 
±^ rj r y "/Ji-i¥S 7 0 nnKOTJHi- 

50 t^-y7hiRFv^fn>XMy>t*iii:± 
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OJSRtfco iOB, **14 5 0 s c cm, Ar^E 
lilmTorr, «/W-liO, 1 A, 1fI±J4 3 X 1 
0~ 7 T o r r t Ltz 0 tt'<-f 7*Ji 6 14, DC^^ h 
DV*/<7 9\Z3n 0, 8E*5 0 s c cm, #*EE 1 mT 
o r r OX e #X#H5K*Kfc^TJftRLfco J&Bimift 
(4 0 . 1 At LtZo ffEli 2X10" 8 Tor r X~hZ> Q 

[0 0 9 4 ] K*H3 1 co J: -5 &E«ff±— # 

M^v KUjHUfcitf*^* ^inlU CoCrTal 

y **|[4 3 //m, $ £ y y«4 0 . 2 //m, fjc<& 
ii^ h 77 ^ip§{4 2 ix mt Ltz Q K«0 3 

>r;u»fMEi*o-7* b uv* na<txei4 2 5 or, 2 

X^%tftilf%h%^mfcf§ 4 UiCKHSeS-^SJB 3 O 
«ffc#|fi]**[a*KU Battfit*!**^ LTIEL < lb ft 

tiMFTftK* 2 0 Or, 5 0 0 OeS#t, ISfM^* 

W«S*Lft*ofc 0 «ff^«»*»4 3. 0kOe,Mr 
TI40. SSmemu/cm^L^oltttL^^^F 

sR«as loot:, mm 90%, 1000 o# wib^ 

K»ffcoffll£«**BI3 5C^to BMWioCu 
SffA 1 *T*«Ji 2 Ufflv*fc»^&*fci*rT^Lfc 0 
[0 0 9 5 ] HI Ltz-T- * <h, 033,1134, 
03 5<Dt~? ££>;b-£T#x.a t y »7 7^x^ 
*§v>A 1 *T1I® 2 i:ffiv^»^i^y Koffi*** 
®<, -ttL^O^Sy 7 ^^0/h^^I*TSIS 2 

[0 0 9 6 ] ;Ojftt«Et4lft-C, ±»flF*tt-CflF 

*jEjtTjKR1-**KJ: ^ffl77^X*fxrM 

[0 0 9 7 ]*8i:, T««#**i UMo (4 0 n 
m) *JBv>, foA|l»OA r # * J±£g?x. * ^ t \Z X 
5il77*^4:^r, ^ KtflFJfiLfco ^ * KO 
*WW**tmTIH 2 tOfv^t, H3 5Wf 
-**W*Lfc»*fcWI 0 3 6CTlffiI2 

OAr^Et, T1S1 2±^AFMC 4 iJlBiML*: 
•WftttSRa. MKiLfc»^S/N, £4 
C/kf? hOH^-C*^ 0 R a?!> ? 0. 3 nm 

KlT"C«4S/NXa r tf ^ h.x.7-1,- K±C5 i: ffEfc 
0. 3 nmM^ tftft^S/NiJitrkf 

[0 0 9 8 ] T***K»»W*K^ffi**iL7t*f»fC 

2 Sl097*^Mv^44 £OI4 
8ILv* 0 t:t?jfci:, I^fttTSI12SI^7 7 
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Ef*Si4Cfc*cj: l)T«ffili2 0glW*Sx.fco 113 
7(4, TRffil 2 ttfi-t LTM o tffiv^:*^, TH 
SJS 2 OffltJSC . T*«JB2±*Bt^ffl*«IS» (AF 

& 0 ^ KO*ffiSU f flFflE*ft«4T*ffi»2 tO-Fw^ 
T, 03 BOf-^rtftL^kBCnio AK 
f*#OA r *f*E*E£fc»*i:ffl*fc, RaA*0. 3n 
m^TtliS/NM'tf^ hx.?-U- h ^ A, t*^ 
J0 to<b4v***> 0. Snmtliicitft^S/NiiOf 
tf 7 FX7-1/- ha*ftTl-*£ k***>*4o 
[ 0 0 9 9 ] 0 3 6StfH3 7^)i**^ < t t 
Mo*«KMLTI4¥£j«§ 0. 3nm«i^S/ 

^tR^fco 03 8I4, T««J12»»k LTT i £ 

FMH t 0 «■ Lfc»*OWSS R a , ^yVtLtz 

20 £ 0 ^ KO*«XVflF«*fl i «4T*«»2 tO-C^ 
T, 03 50f-^«f4L^^^t^)^o 
PfOA r Ra^O. 3n 

=b*>fcv^*, 0. Snm^li^tM^S/NiJJ:^ 

[0100] 036-038 0*S*^£>, RaO, 3 n 

U^fr&o(4, T*l«W77^x^^t:J:^ 

30 3nmtF7^f^7 * \Z&£> 2> <0^«4aSPff"C<4 4 < 

S SffiO y y * * £ ^£ Tf^at L h > * 

[0101] 03 -H90«iiO^^ KtfMKLfco R 
M^f:ii 2 5 0t:^ 5^MOjft«ta*ffiR«FOSai*t 
l4KXt"S^|fiJ^ 5 0 0 O e <7)SS * ^[3*0 Looff o 

[0 10 2] h * T a (3 nm) /P t 4 
40 6Mn54 ( 2 5 n m) / Co90Fel0(5) 
/Ru (0. 9) /Co90FelO (5) /A 1 fflt 
» (2nm)/Co90FelO (2nm) /N i 8 
2Fel8/(8)/Ta (3nm) 
SS-H$2m^)7;Vf 7^±C7;^tSrl 0 ^ m« 
IL/:tO 

Tv-^ KS 1 -f S l^mOCo65Nil2Fe2 

3 (a^^4a t %, jami:) 

T?fl2-Ta (5nm)/Cu (5nm)/Ta 

(5 nm) /Cu ( 5 n m) /Ta (5 nm) /Cu 

50 (5 nm) /Ta (5 nm) /Cu (5 nm) 
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±SffiJi 8-Ta (5 nm) /A u (60nm)/Ta 
( 5 n m) 

±*>-JU KS 9 — bmOCo89Zr4Ta4C 
r 3 

*»J17-J»S 70nmO7JKt 

«E^7^16-Cr (lOnm) /Co74. 5Cr 
10. 5Ptl5 (3 6nm) (E 9 O«j£<0«£-fc8fc 
<) , Ba7j:70 (50nm) (H9<0«lKO*& 

JWHWflPJl — C u (1. 2nm) (EI 1 0 coif $L<M%% 
co^Sffl) 

T*~* 7 7Ji— »S 7 0 n m<7>7;^^ 
±4 r * 7 -fm-W-Z 7 0 n m<OT)^ ^ 

h *>A 1 ttft*Ji^oJiHv>i**i 

, D C v $r * h n y x/* 7 9 tc J: 19 , iffi* 5 0 s c c 

RLfco «Bl*53ttliO. lAtLfco *Eli2xiO 
" 10 To r rt*S 0 A lBMfctt*liA I8t^-^ 
f:i »9 2 n mSKK&K 0 . 1 mmT o r r O^SS^^H 
%.*X2 O^ffl&ftS-tira^fcKJ: 0JK«S*fc o 
[0 10 3] T'/-^ KR^±y-^ Kii^ 7 *ffitc J: 
DMHfco *6^l7S:CK_LT^ r -V7-7 8 ^^r^^^ 

^ i: C J; »3SIlJto -<OT£> St (i5 0 s c c m> 
A r #*EE(4 1 mT o r r , J&8K'<7-ti 0 . 1A, f 
EEI43 X 1 0" 7 To r r fc Lfco «'<>f T** 6 14, D 
h n ? K 4 ^ , St* 5 0 s c c rru #~ 

*ElmTo r rOXe tf^^H** Kfcv^TJKBt L 
fco ^^miTLti 0. 1 A fc Lfco *ffi«i2 X10' 8 To 
r r "C£> & o 

[0104] ^00^7 KSrH3 1 <0 J: *> fcSBiiW&H* 
H^y KUJnXiiJ:^^^ ^JPXL, CoCrTal 

7 **H4 3/im, S 7 7*14 0 . 2^ra, 

&<fc ^1(42 m fc L,tz 0 t^M^7 F«03 

-f ;w»f*ft»*o7* h v haftxaii 2 5 or, 2 

L£<fco*:0-C% ff£^7 KSSfcJOTE*^? K»f* 
ItftTSii:. 2 0 0t:, SOOOeiS^^ 

«aS*i4*ofc 0 «E*0««*li3. OkOe, Mr 
TI40. 3 5 m em u/c m 2 fc Lfcc Kft Lfc^7 K 

fi*«rBI 3 9 KSrj"o 
[010 5] BI23-BI26U^Lfc^'f^0 3-^l! 
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X^-fcttftLfco Fv^^ltltli, /Ta (3 
nm)/Pt46Mn 5 4 (25nm) /Co90F 
e 1 0 (5) /A lffiftft (2nm)/Co90Fel 
0 (2 nm) /Ni82Fel8/ (8) /Ta (3 
nm) im^tzo F>^«M0HAl5tWtt 

Stti 5 0 s c c m, #*EE 1 mT o r r <7)A r #*1FH 
Sl+UiJ^TdtilLfco *R*aEI4 0. lAtLfco* 
1±J42X 1 0" 10 To r rt^o A lflftfbttJKtA 1 
10 ■ *) 2 nmWl(:0. ImmTorr 

0«a**H* + -C2 O^IBttftS** - t K J: 
S*fco KJK**Ktt2 5 or> 5BMa!MA9*Alt 
B#OJ8ff fciiilSE't**!*!*- 5 0 0 0 e <OJS#£flliDL 
ooffo/: 0 5 0 0 nm^CoCrTa^^^S^M 
TX^c^SSmfc LT(4g]2 SOtO^rffl^^o ^1£tC(4 
MnZn7x^K fcfla-*fcJ:tf»g$3--*fc L 
TI4, Ta(5nm)fcNi80Fe20( 20n 
m) *X3Ltc«IBLT, h-^^OR»t 2 0 0 nm»: 

20 [0 1 0 6] D C ^ h n > 7, 7 * U «fc »9 > SE* 5 
0 s c c nu *'XE lmTo r rCOXe *f*3£H**K 
fcv»TJfilllLfco rtBt«*l*0. lAHfcoffffl±2 
X 1 0~ 8 T o r r-C** 0 #Btt«*#fc LT(±BMtS 
itfflv»fcp Tt4kLtliMo5nmiAu (5n 
m) Lfcl, KBttl i LtliN i 8 0 F 

* 5 0 s c c m> ^ElmTorrOAr iT*%M% 
tpbZ&^X&mLtZo MtXIiO. lAfcLfcoWBE 
(42X1 0" 8 To r r-C** 0 Si/¥I^^^ fc LTfiA 1 

[0 10 7] RF"7^hD>^^y^t4iti:J:l) 
^SIL> SE*li 50sccm, Ar #*J±ii 1 mT o r 
r, ffilA*7-(i0. 1A, fEli3X10" 7 Tor r 
t Ltzo K*EI3 1 co J: 9 ^S2^ 

7 KC*Dl^«tO f ^ 9-f ^iOll, CoCrTaMKft 

(6(4 1. 5 m, #^ii«^^r -V 7 7*14 0 . 2 ^ m, 

con -f ;vg|5f^dc^0 7 * h 1/yX h®<bXfIi4 2 5 0 

tlfiiv^xv^ *t*Ltfft&ftv*H3eJB 4 fc J: tfBffiS** 
IB3 0l8^*[fi]A*BIIEL, SMRttStft*^*?- fc Lt jE 
L<»ftLft<arofcO-C, K»fcJ:tf|E«^ 
7 K»fMt»T«fcK* 2 0 Or, 5 0 0 Oel#t, 1 
l*MO#«lftjaa*ffo>5:o ^^#S5^^atc4^gfi 

^ <fc A, fci'teil'J ^ tibfr-otzo «Eft:(0«18*»i2. 8 k 
OetUo f*f^L7t^7 KU#L, 8H*iaSl 0 0 
IS9 0%, 1 0 0 0*mo»*M**ffort:fc 

50 n> s^tb^, s/n, w*m** f **M-*^-^* 
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^»**>8H56tt#*H4 OC^to 
[0 10 8] %£*gH*«iJ L-CttftSjxfcBJtf 

[0 10 9] 04 lCStJ:^:, B^lT'-f **3S«li 

-7 KettiaBisJiofft-^iaaiBiKfcAffl*^ >*~7 * 

t *lDM>T^* 0 #ffl$fcti3 2 If? F^U^ > 

gl*4 6 mmt* Q > f-^MIiS@ 1 Omm^M 0 

*BB Sr * L & * JKflpfiCjt** "Tilt t? * 4 0 li > 

/WH3 > fcTa.- ^-on»B««E« jk L r pT 

ya^'j*sfiu saasi { »5*^2o>^ 

hn-7^I^ -tU J: 

[0 110] 

[B1Boni|L4:Kn] 

[Hi] |t^OT*ffiJB2 t^f7^^«fcc0#»*oaij 

[12] A'V7i5W5 7*x a** § v»»*oatttt F 
v*;Mg£-gp©tBrffi18EB&0 

[131 if.^m<0'y-)V KfiSftKMt h y^^g^v K 
j8E£0 (SffffiH) 

[14] <75 -> - KMSfifiStt h > * ;v»£^ ? K 

m&0 (ttffffiH) 

[0 5 ] *f§9H<7> -> - ;u Kffl»«14 h > * JUS-S"^ ? K 
$E&0 (WriBH) 

[0 6 ] ©i/ - JU KfflSft »f£ h > * 7 K 

mm®) 

[17] &%W<ni< - >u KS5ifi8tt h f * /uSS-fr^ » K 
[0 8 ] *»W© '> ~ *■ KS2»»tt h ^»-&^ * K 

[19] © v - ;v K&ttlBtt V > * ? K 

K&B (WfHH) 

[010] #$&93© v - ^ KSHftlBtt h > * >H*#^ f 
K{K±B (TUB) 
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[011] *5feW©->-^ KH5HB14 h v****^? 
K«&BI (¥®0) 

[012] 3|s:|&^<0->-;1/ KS^jatth V****^? 
K«;fcH (¥ffi0) 

[013] #HBJ3eo->-;u Kffl5l»14h 
KJK&H (¥S0) 

[014] KfflSMBteh v*^«f*^y 

KlfctH (¥ffi0) 

[015] *§§BJct3->-;u KSifeBtth 
JO KttifeH (¥11) 

[016] *5fe93«3 ->-;V K&9klB1£ h > * >H*-S"^ ? 
K«;fcH (¥ffi0) 

[0 17] ^m<o->-)^ KIBSftlBtSfeh v*;H8-§"^ 
Kof|s*#«**r«E*BIo 

[0 18] #fci«©->-*Kfi»»1£h>*^S'§'^'5' 
KOf / Ffig;^JilS*^1-«t^0o 

[019] WflO'/-* KHfAffit* h >*;u»^f 
KOfl?JS:^«*^i-«^:BIo 
[02 0] ^%bjov-;v KM^JStth 
20 KO#fiS;#-Jll*^-t-»E^:0o 

[021] *%BJ3© v - ;u K'SSfelStt h > * A'Sf*^ f 

[02 2] *f£Bjw->-;i/Ka^'l4h 

[02 3] ^HB^<75 3 - ? M3iES14 h > * ;H£-fr^ v K 
«E^:0 (HffSH) 

[02 4] ^HKOa-^M^JStth VT-^S^^ K 
ffi^BI (WEBS) 

[02 5] a - ^ h > * JWSf-fi"^ f K 

30 ^0 (»f®0) 

[02 6] ^BJcoa-^MSt^itt h >*;w«-^-^-y K 

m^0 mm®) 

[02 7] *%^©3-^S!5SSatth>^^-&^-> K 
M^0 (¥11) 
[02 8] *.&W<03-?M&m&V K 

[02 9] *!§W©3-^M3ifi5't±h >*iU»-fr"^7 K 

[03 0] *HBJ<7?3-^M?4ffi-|4 h > K 
40 i:i5»t-&> jSK^'f T^.^©ESSE^0 

[03 1] ^S&WtafflL^IEaS^^ KO«*H 
[03 2] *3ftWOB*C»fit«l#5lf : f > «:fflv»>l:ttjR;|Ej9 

[0 3 3 ] TW.US2 tCC u (4 0nm) tfflv^*^ 

S/NWk*7 hJH7-U- h 
[03 4] TIS12 CCu (4 0 nm) tfflv^Tt^-g- 
Off^m*, S/NSO'e? I>X7-I/- h 

[035] Ka^otmfcffl^fc^-s-©? 1 ^ 

50 [13 6] MoTfS12 4Slt-5^A r A'Xffi 
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27 




28 




3 






4 


m ra> * 

H/eH 4 


- h 


5 


^''J 71 5 


[03 7] MoTlIS 2 <F>]&MiMz-Z> - t K * > 


6 


riV^ a T *m 6 


TSSS 2 7 JSx.fca&o, v-;uKM 


7 


,',3. 1= «-* 




8 




[S3 8] MoTWtt*2 *aR1"SROA r 


9 






1 0 


*7 j ; — s 




4 1 




- h 


JO 4 2 




[139] a^r^y-^KS^7 K*fi;j:iJtt*off4 


4 3 






4 4 






4 6 


-AB SI 


;£u S N > £ 0* t: y V .x. y — u — h 


5 0 




[141] fftnirlffl Lfcf-f ^ ^«lO«*H 


5 1 


K 




5 2 


—^y KX7-f /-iih^>£ 




5 3 




2 Tm^if 2 


5 4 




[HI] 




[02] 





< (nil) ) 


tt*:*3(GPa) 


#®flU£Ra (nm) 


Al 


40 


43 


0. 45 


Co 


40 


19 


0.24 


Ta 


40 


44 


0. 30 


Zr 


40 


43 


0. 30 


Tt 


40 


45 


0. 28 


Hf 


40 


40 


0. 26 


f 


40 


42 


0. 25 


Mo 


40 


42 


0. 24 . 


t 


40 


41 


0.25 


V 


40 


42 


0.26 


Nb 


40 


42 


0.26 


Au 


40 


36 


0.29 


Ag 


40 


37 


0.24 


Pd 


40 


40 


0. 25 


Ta/Cu 


6/35 


42 


0. 25 


Ta/Au 


5/36 


43 


0. 24 


Ta/A« 


5/35 


42 


0. 25 


Ta/Pt 


5/35 


43 


0.24 


Ta/Pd 


5/35 


43 


0.25 


Zr/Cu 


5/35 


42 


0.26 


Hf/Oi 


5/35 


43 


0. 24 


I/Cu 


5/35 


42 


0.25 


Ti/Cu 


5/35 


42 


0.26 


Tl/Au 


5/35 


43 


0.24 


Tl/Ag 


5/35 


41 


0. 25 


Ti/Pt 


5/35 


42 


0. 24 


Ti/Pd 


5/35 


42 


0.26 


Mo/Cu 


5/36 


41 


0.25 


Y/cu 


5/35 


42 


0.26 


V/Cu 


5/35 


43 


0.25 


Nb/Cu 


5/35 


43 


0. 24 




[0 3] 




■4 I£n — -nfiBX*. FiW 



(16) 



2000-215415 



[124] 



5] 



I 





[El 6] 



[07] 





[B8] 



[@9] 



•<7 *t*« 




[SI 2 3] 






■7U-JI 



(17) 
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(18) 



#M 2000-215415 




1 7] 



\ 

D7 



C? 




Mill 



1. Tv-JUF. TX 4-.PR«« 
«, MTJJ&JS 



7. tefcMTSfctfCF 




it ui o « U*;« a: « 
o «» ti M -tt «:ur « 




3, 16* tf. «J7h^.-7 



[HI 8] 



[Ell 9] 





1. T* 4. Ml*** 



7. MMIftSlKT 







3,«/W^Ajdt- 6.5U>W<U7* •.±2/-rt**B 
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[El 2 0] 



[12 1] 




1. Ti/-;ut=. T?S 4.PR**Si 

«, mtj. ±.*ajs 





it unii ■ i 




*XFvu*m» s.WVfTxm*m MM^-a 5 - pwb * 



8. -t*n. ±V-H, 



»«i m .a « *tTKur<: 



m b it: »;_s o. a 'S3 o_Tn 



3. i'JVC/(7';-« 6. *tt»fitl» 




[024] 



*te4Ss— 




[02 5 J 




[H2 6 ] 




[02 8] 



*s«s h v^A-a &m 



13 1] 




(20) 



ftffl 2 0 0 0 - 2 1. 5 4 1 5 



[02 2] 




& MTJ. SffiW® «• **** *«-y 7 












II 




m 

t»>> 





2. X^VvJUPFJg 5. tfeJUJtftfcCr 




3, ?|JVW-| 6. ±*ffi. ±t/-JU 



[El 2 7] 
H 



[0 3 0] 



[03 2] 




S/N(dB) 
17- 



[13 3] 

3.1 
28 



3.2 
21 



S/N(dB) 



[B34] 

1.6 
24 



WHKttflt 

L6 
24 



i x lo-ifis i * io-»»a 



[03 6] 



[03 7] 



ft* 

S/N(<E) 



(S3 

a. fi 



184 cbj s 
3. 6 9. fl 



(86 07 &8 E9 

3. t s. q a. fl a. e 



180 190 196 190 190 IBS 18B 
31 30 31 91 90 29 29 

io*kt B£ fl£ a* n& m& 





02 3 


BI2 4 


S32 5 


352 6 




29 


&2 


3.3 


3.4 














216 


269 


269 


261 


S/N(dB) 


S3 


36 


36 


36 
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13 5] 



[138] 





Wff (na)) 


S/N CdB) 


BER ( X 


10 -*) 




40 


24 


10 






40 


21 


100 




Ta 


40 


26 


1 




Zr 


40 


25 


1 


«T 


Ti 


40 


28 


! 




Hf 


40 


27 


1 






40 


27 




UT 


Mo 


40 


28 


I 




Y 


40 


27 


j 




V 


40 


28 


j 




Nb 


40 


28 






Au 


40 


26 






Ag 


40 


26 






Pd 


40 


28 






Ta/Cu/Ta 


5/30/5 


29 






Ta/Cu 


5/35 


28 






(Ta/Cu) X 4 


5/5 


31 


- 




Ta/Au/Ta 


5/30/5 


28 






Ta/Ag/Ta 


5/30/5 


2a 




*A | 


Ta/Pt/Ta 


5/30/5 


29 




pit 


Ta/Pd/Ta 


5/30/5 


28 




**» I 


Zr /Cu/Zr 


5/30/5 


29 




PI tT 

«a r 


Hf/Cu/Hf 

11 A / vUf ill 


•n/m/^ 

Of JUf tj 


28 




«a r 


Hf/Cu 


5/35 


. 28 




£XT 


f/Cu/f 


5/30/5 


28 




SAT 


f/Cu 


5/35 


28 




SIT 


Ti/Cu/Ti 


5/30/5 


29 






Ti/Cu 


5/35 


29 




JUT 


(Ti/Cu) X4 


5/5 


30 






Tl/Au/Ti 


5/30/5 


28 






Ti/Ag/Ti 


5/30/5 


28 






Ti/Pt/Ti 


5/30/5 


29 






Ti/Pd/Ti 


5/30/5 


28 






MO/Cu/Mo 


5/30/5 


28 




mr 


(Mo/Cu) X4 


5/5 


32 






Y/Cu/Y 


5/30/5 


29 






Y/Cu/Y 


5/30/5 


28 






Nb/Cu/Nb 


5/30/5 


29 









Ka 






CmTorO 


(ran) 


(dB) 


1 V 


1 


0.24 


28 


l xio-'liTF 


2 


0.26 


28 


ixio-<iy,T 


4 


0.30 


26 


ixio-^T 


6 


035 


21 


l xio* 3 SS 


8 


0.46 


16 






[04 1] 





[139] 






. [12 4 0] 


MoflUS 


Ra 


S/N 






Ra 


S/N 


(nm) 


(nra) 






(mTorij) 


(nm) 


(dB) 


40 
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